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(57) Disclosed is a fuel cell comprising a fuel cell 
body (stacked body) (2) including a unit cell having an 
electromotive section in which an electrolyte membrane 
is sandwiched between a fuel electrode and an oxidant 
electrode, and a liquid fuel tank (1) for storing a liquid 
fuel (7) that is to be supplied to the fuel cell body and 
connected to the fuel cell body. The liquid fuel is intro- 
duced by the capillary action into the unit cell included in 
the fuel cell body and vaporized within the unit cell so as 
to be supplied to the fuel electrode, thereby generating 
an electric power. The liquid fuel tank is provided with a 
pressure adjusting mechanism (6) for introducing a 
required amount of the liquid fuel from a liquid outlet 
port into the unit cell. 
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Description 

[0001] The present invention relates to a fuel cell, 
particularly, to a liquid fuel cell adapted for miniaturiza- 
tion and a tank for housing a liquid fuel used for the fuel 
cell. 

[0002] There are various types of liquid fuel cells 
such as liquid fuel cells of a vapor feed type, those uti- 
lizing a capillary action, and etc. 
[0003] The fuel cell of the conventional vapor feed 
type makes it possible to use directly a liquid fuel of a 
high concentration and, thus, is advantageous in terms 
of miniaturization of the fuel section. However, since the 
system- is complex, it is necessary to use auxiliary 
machines, making it difficult to miniaturize the fuel cell 
as it is. On the other hand, the liquid fuel cell of the con- 
ventional direct liquid feed type is adapted for miniaturi- 
zation in terms of the construction of tne fuel cell. 
However, since fuel is supplied directly in the liquid form 
to a fuel electrode, it is unavoidable to use fuel of a low 
concentration. It follows that the inner volume of a fuel 
tank must be enlarged, making it difficult to achieve min- 
iaturization of the entire system. 
[0004] Further, in order to take out power of the fuel 
cell stably, fuel is required to be supplied stably. In the 
conventional fuel cell, a liquid fuel is forcedly supplied to 
the cell body by using, for example, a liquid feed pump. 
However, it was difficult to supply stably a just required 
amount of the fuel because the conventional tank was 
not equipped with a mechanism for adjusting the pres- 
sure within the tank. If the pressure of the fuel tank is 
rendered negative, compared with the fuel cell body, it is 
impossible to take out further the liquid fuel from the 
tank, leading to a lowered power. On the other hand, 
where the pressure on the side of the liquid storing por- 
tion is rendered markedly high, a liquid fuel is supplied 
in an amount larger than that required to the fuel cell 
body, with the result that the fuel cell body is filled with 
an excessively large amount of the liquid fuel so as to 
markedly deteriorate the components of the fuel cell 
body. Alternatively, if the pressure inside the liquid stor- 
age section is markedly increased, the liquid fuel tank 
tends to be ruptured, which is highly dangerous. In any 
of the small fuel cells disclosed to the public, the liquid 
fuel tank is not equipped with a pressure adjusting 
mechanism for adjusting both the negative pressure 
and the excessively high pressure, which leads to the 
problem that it is impossible to take out the output with 
a high stability. 

[0005] Further, a special volatile solution, e.g., a 
mixture of methanol and water, is used as the fuel for 
the fuel cell, the fuel inlet connected to the fuel cell body 
is required to be hermetically sealed from the outside. In 
the case of using a mixed fuel solution comprising liquid 
materials of different volatility, the composition would 
tend to change over time; the most volatile material 
evaporating first. Since the cell output is dependent on 
the fuel concentration, the concentration of the fuel 



should be maintained constant. However, if the fuel tank 
is hermetically sealed, especially at the inlet the volatile 
components of the fuel are not evaporated ensuring sta- 
ble output of the fuel cell. 

[0006] Particularly, where a liquid fuel is supplied to 
a small fuel cell, new problems are brought about. In the 
case of a large fuel cell, the cell need not be moved nor 
used in various directions. On the other hand, in the 
case of a small fuel cell, it is required that the cell can be 
w used in various directions like the dry cell. In other 
words, it is required that a liquid fuel be supplied to the 
fuel cell body with a high stability in any direction of 
mounting the fuel cell body. This is a problem that is 
generated only when the cell is miniaturized. Of course, 
15 it is very important to solve this problem. Also, this prob- 
lem provides a very serious obstacle that must be over- 
come for using a fuel cell practically as a small power 
source. 

[0007] It is required that the fuel be taken out from 

20 the tank stably so as to obtain a stable output, and that 
the fuel cell has the high performance of the initial rising 
characteristics. Since the rising characteristics depends 
on the initial flow rate of the fuel from the fuel tank into 
the fuel cell body, it is necessary to supply the fuel 

25 promptly to the fuel cell body. In other words, it is 
required that the fuel tank has a mechanism for 
promptly supplying the fuel in the initial period. 
[0008] For getting a stable output, it is necessary 
that the fuel tank for the fuel cell has the following char- 

30 acteristics which the conventional fuel tank doesn't 
have. First a mechanism that prevents the liquid storage 
section from bearing a negative pressure or an exces- 
sively high pressure, compared with the fuel cell body. 
Second, a mechanism that permit the fuel to be sup- 

35 plied with a high stability in any direction. And last, a 
mechanism that permits the fuel to be supplied promptly 
in the initial rising period. 

[0009] An object of the present Invention, which has 
been achieved in an attempt to overcome the above- 

40 noted problems inherent in the conventional fuel ceil so 
as to provide a small fuel cell useful as a battery for a 
small equipment, is to provide a highly reliable fuel cell, 
which permits simplifying the liquid fuel supply system, 
which permits supplying a liquid fuel with a high stability, 

45 and which is stable in its output. 

[0010] According to a first aspect of the present 
invention, there is provided a liquid fuel tank for a fuel 
cell, comprising a pressure adjusting mechanism which 
maintains constant the pressure within the tank so as to 

so permit a required amount of the liquid fuel to be dis- 
charged from a liquid outlet port to the outside of the 
tank. 

[0011] Also, according to a second aspect of the 
present invention, there is provided a fuel cell, compris- 
55 ing: 

a fuel cell body equipped with a unit cell having an 
electromotive section in which an electrolyte mem- 
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brane is held between a fuel electrode and an oxi- 
dant electrode; and 

a liquid fuel tank housing a liquid fuel that is to be 
supplied to the fuel cell body and is connected to 
the fuel cell body; 5 
wherein the liquid fuel is introduced into the unit cell 
by a capillary action within the fuel cell body and the 
liquid fuel is vaporized within the unit cell so as to 
be supplied to the fuel electrode for the power gen- 
eration, and 10 
the liquid fuel tank Is equipped with a pressure 
adjusting mechanism which introduces a required 
amount of the liquid fuel from a liquid outlet portion 
into the unit cell. 

15 

[0012] Also, according to the third aspect of the 
present invention, there is provided a fuel cell, compris- 
ing: 

a fuel cell body equipped with a unit cell having an 20 
electromotive section in which an electrolyte mem- 
brane is held between a fuel electrode and an oxi- 
dant electrode; and 

a liquid fuel tank housing a liquid fuel that is to be 
supplied to said fuel cell body and is connected to 25 
the fuel ceil body; 

wherein said liquid fuel is introduced into said unit 
cell by a capillary action within the fuel cell body 
and the liquid fuel is vaporized within the unit ceil so 
as to be supplied to the fuel electrode for the power 30 
generation, 

said liquid fuel tank is equipped with a pressure 
adjusting mechanism which introduces a required 
amount of the liquid fuel from a liquid outlet port into 
the unit cell, and 35 
a connecting section between said liquid fuel tank 
and said fuel cell body is hermetically sealed. 

[0013] This summary of the invention does not nec- 
essarily describe all necessary features so that the 40 
invention may also be a sub-combination of these 
described features. 

[0014] The invention can be more fully under stood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 45 

FIG. 1 schematically shows the construction of a 
fuel cell according to one embodiment of the 
present invention; 

FIG. 2 is a cross sectional view showing the con- so 
struction of a unit cell included in the fuel cell of the 
present invention; 

FIG. 3 schematically shows as an example the con- 
struction of a liquid fuel tank for a fuel cell of the 
present invention; 55 
FIGS. 4A and 4B schematically show collectively as 
another example the construction of a liquid fuel 
tank for a fuel cell of the present invention; 



FIG. 5 schematically shows as another example the 
construction of a liquid fuel tank for a fuel cell of the 
present invention; 

FIGS. 6A and 6B schematically show collectively as 
another example the construction of a liquid fuel 
tank for a fuel cell of the present invention; 
FIGS. 7A and 7B schematically show collectively as 
another example the construction of a liquid fuel 
tank for a fuel cell of the present invention; 
FIGS. 8A to 8C schematically show collectively as- 
another example the construction of a liquid fuel 
tank for a fuel cell of the present invention; 
FIG. 9A schematically shows as another example 
the construction of a liquid fuel tank for a fuel cell of 
the present invention; 

FIG. 9B schematically shows as an example the 
construction of a liquid fuel tank for a fuel cell of the 
present invention and an inlet pipe; 
FIGS. 10A and 10B collectively show as an exam- 
ple the construction of a connecting section 
between a liquid fuel tank for a fuel cell of the 
present invention and an inlet pipe; 
FIGS. 11A to 11C collectively show as another 
example the construction of a connecting section 
between a liquid fuel tank for a fuel cell of the 
present invention and an inlet pipe; 
FIG. 12 schematically shows as another example 
the construction of a connecting section between a 
liquid fuel tank for a fuel cell of the present invention 
and an inlet pipe; 

FIG. 13 schematically shows as another example 
the construction of a fuel cell of the present inven- 
tion; 

FIGS. 14A and 14B collectively show schematically 
as another example the construction of a fuel cell of 
the present invention; 

FIG. 15 schematically shows as another example 
the construction of a liquid fuel tank for a fuel cell of 
the present invention; 

FIGS. 16A and 16B schematically show collectively 
as another example the construction of a liquid fuel 
tank for a fuel cell of the present invention; 
FIG. 17 schematically shows as another example 
the construction of a liquid fuel tank for a fuel cell of 
the present invention; 

FIG. 18 schematically shows as another example 
the construction of a liquid fuel tank for a fuel cell of 
the present invention; and 

FIG. 19 is a graph showing the change with time in 
the fuel content 

[0015] The present invention will now be described 
in detail with reference to the accompanying drawings. 
[0016] FIG. 1 schematically shows the construction 
of a gist portion of a fuel cell using a liquid fuel tank of 
the present invention. Incidentally, the fuel cell shown in 
FIG. 1 is just an example of the fuel cell using a liquid 
fuel tank of the present invention. The arrangement of 
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the components of the fuel cell and the sizes of these 
components are not limited to those shown in the draw- 
ing. 

[0017] The fuel cell shown in FIG. 1 consists essen- 
tially of a liquid fuel tank 1, a stacked body 2, and a 
pathway 3 for introducing a liquid fuel from the liquid fuel 
tank 1 into the stacked body 2. In general, an air blow- 
ing-sucking mechanism (not shown) such as a fan is 
also arranged for supplying an oxidizing gas. The 
stacked body 2 shown in the drawing consists of a plu- 
rality of unit cells stacked one upon the other, each unit 
cell having an electromotive section including an elec- 
trolyte membrane sandwiched between a fuel electrode 
and an oxidant electrode. It is possible to use a unit cell 
in place of the stacked body consisting of a plurality of 
unit cells. FIG. 2 exemplifies the construction of the unit 
cell. As shown in the drawing, the unit cell consists of a 
vaporizing plate a, an anode b, an electrolyte mem- 
brane c, a cathode d, and a gas channel e. In stacking a 
plurality of unit cells one upon the other, a separator is 
interposed between two adjacent unit cells. 
[0018] The pathway 3 can be formed of such a fine 
tube as to perform a capillary function. Alternatively, it is 
possible for the pathway 3 to be filled with a porous 
material through which permeates a liquid fuel in order 
to assist the liquid fuel introduction. As the liquid perme- 
ating material, it is possible to use, for example, a 
porous material such as carbon, a metal or a poly- 
aniline, a porous material such as a vinyl polymer, an 
engineering plastic, or a thermosetting resin, ceramics 
porous body such as a silica porous body or an alumina 
porous body, a porous film such as a fluorocarbon poly- 
mer, polyethylene, polypropylene, polycarbonate, poly- 
imide, polysulfone, polysulfide, or polybenzimidazol, a 
porous material of sponges such as polyurethane, poly- 
ester, cellulose, or phenol resin, and paper. Where the 
material surface is poor in wettability with the fuel, it is 
possible to apply a surface treatment so as to improve 
the wettability. 

[001 9] In the fuel ceil of the present invention shown 
in the drawing, the liquid fuel tank 1 is connected to the 
pathway 3 at a connection section 4. It is required that 
the connection section 4 is hermetically sealed. If the 
sealing property at the connecting section is not 
enough, the liquid fuel tends to be evaporated. The liq- 
uid fuel used in the present invention includes, for exam- 
ple, alcohols such as methanol, ethanol, or propanol, 
ethers such as diethyl ether, and hydrazine. Particularly, 
methanol is used in the form of a mixed solution 
together with water. Where the ratio of the contents is 
changed by evaporation, various problems come out. 
Naturally, it is desirable to prevent evaporation of the liq- 
uid fuel as much as possible. It follows that it is required 
that the connecting section 4 between the tank 1 and 
the pathway 3 should be hermetically sealed such that 
the alcohol evaporation can be prevented under atmos- 
pheric pressure. To be more specific, it is required that 
the connecting section 4 should be sealed such that the 



liquid fuel can be stored in the form of a liquid or a vapor 
at the saturated vapor pressure. 
[0020] In order to introduce the liquid fuel into each 
unit cell within the stacked body 2 uniformly and stably, 
5 it is possible to set a kind of a liquidjuel holding material 
called a receiver 5. The liquid fuel is further introduced 
from the receiver 5 into each unit cell through a liquid 
fuel permeating material. To be more specific, the intro- 
duced liquid fuel is vaporized in a vaporizing section 
w arranged in front of the fuel electrode within the unit cell 
and, then, further introduced into the fuel electrode. 
[0021] As the liquid fuel is introduced Into the unit 
cell by a capillary force in the fuel cell of the present 
invention, it is not necessary to use a driving section for 
15 the fuel supply such as a pump. And as the liquid fuel 
introduced into the unit cell is vaporized within a fuel 
vaporizing layer by utilizing the reaction heat of the cell 
reaction, it is not necessary to use an auxiliary equip- 
ment such as a fuel evaporator. Also, since the gaseous 
20 fuel within the fuel vaporizing layer is kept substantially 
saturated, the liquid fuel is vaporized in the amount of 
the consumption of the gaseous fuel consumed by cell 
reaction in the vaporizing layer, and the liquid fuel is 
introduced into the unit cell by the capillary action to 
25 supply the vaporized portion alone. 

[0022] Further, since the fuel supply amount is 
interlocked with the amount of the fuel consumption, it is 
substantially impossible that the unreacted fuel is dis- 
charged to the outside of the fuel cell in the fuel cell of 
30 the present invention, making it unnecessary to set a 
processing system at the fuel outlet, like the conven- 
tional liquid fuel cell. In other words, the liquid fuel can 
be supplied smoothly in the fuel cell of the present 
invention without using auxiliary equipment such as a 
35 pump, a blower, a fuel evaporator, and condenser, mak- 
ing it possible to miniaturize the fuel cell. 
[0023] In the present invention, the liquid fuel tank 1 
is equipped with a mechanism for adjusting the inner 
pressure in order to supply the liquid fuel with a high sta- 
40 bility to the fuel vaporizing layer. In order to supply the 
liquid fuel with a high stability to the fuel vaporizing 
layer, it is necessary to use a mechanism that permits 
the liquid fuel to flow out of the liquid fuel tank 1 in 
accordance with the consumed amount of the liquid fuel 
45 within the vaporizing layer. For example, it is necessary 
to use a mechanism for taking a measure against a neg- 
ative pressure, i.e., a mechanism for taking the air from 
outside the tank in accordance with the flow of the liquid 
fuel out of the fuel tank. As a result, it is possible to pre- 
50 vent the inner pressure of the fuel tank from becoming 
negative relative to the cell body. To be more specific, a 
fine hole 6 can be formed as a mechanism against the 
negative pressure on the side wall in the upper portion 
of the fuel tank 1 as shown in FIG. 1. It is possible to 
55 form a plurality of fine holes. Also, it is desirable for the 
diameter of the fine hole, which is not particularly limited 
in the present invention, to fail within a range of between 
about 0.2 mm and 5 mm, in view of the effect of prevent- 
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ing evaporation of an excessive amount of the liquid 
fuel. 

[0024] It is possible to mount a removable film to the 
fine hole 6. Also, a lid 9 can be mounted to the fine hole 
6, as shown in FIG. 3. The fine hole 6 can be exposed 
to the outside by removing the film or the lid 9, as 
desired, so as to introduce the outer air into the fuel tank 
1. 

[0025] Alternatively, a selectively permeable mem- 
brane can be mounted to the fine hole 6. A selectively 
permeable membrane required to have a low permea- 
bility of the vaporized material of the liquid fuel compo- 
nent and relatively high permeability of a gas such as 
the air. The selectively permeable membrane can be 
formed of, for example, a fluorocarbon-based FEP 
resin. The thickness of the selectively permeable mem- 
brane, which is dependent on the kind and components 
of the liquid fuel used, and the saturated vapor pres- 
sure, etc., should be generally about 10 urn to 1 000 urn 
[0026] In the present invention, a mechanism 
against the negative pressure can be taken by positively 
introducing the gas component generated in the 
stacked body (fuel cell body) 2 into the liquid fuel tank 1 . 
For example, it is possible to arrange in combination a 
liquid fuel permeating material 8 for supplying a liquid 
fuel and a gas introducing fine tube 1 1 for introducing 
the gas generated in the stacked body 2 into the liquid 
fuel tank 1 within the liquid fuel tank -1, as shown in 
FIGS. 4A and 4B. It is possible to set the gas introducing 
fine tube 1 1 inside the liquid fuel permeating material 8 
to extend along the liquid fuel permeating member 8. To 
be more specific, it is possible to employ a double layer 
structure consisting of the fuel permeating material 8 for 
transferring the liquid fuel and the gas introducing fine 
tube 1 1 , which is set inside of the fuel permeating mate- 
rial, for introducing gas generated in the stacked body 2 
into the liquid fuel tank 1. However, the present inven- 
tion Is not limited to the particular construction. Specifi- 
cally, it is possible to combine the fuel permeating 
material 8 for transferring the liquid fuel and the gas 
introducing fine tube 1 1 for introducing gas generated in 
the stacked body 2 into the liquid fuel tank 1 by an 
optional method within the liquid fuel tank 1 . 
[0027] FIG. 4A shows that the liquid fuel tank 1 is 
connected to the pathway 3. And the liquid fuel perme- 
ating material 8 and the gas introducing fine tube 1 1 
extend to reach the stacked body 2 (not shown). Where 
the liquid fuel tank 1 is not connected to the pathway 3, 
the liquid fuel tank 1 is covered with a lid 1 0 so as to pre- 
vent a liquid fuel 7 housed in the tank 1 from being 
vaporized, as shown in FIG. 4B. 
[0028] Incidentally, where the pressure of the gase- 
ous portion within the liquid fuel tank 1 is excessively 
increased by, for example, the temperature elevation, 
the liquid fuel tends to be excessively supplied from the 
liquid fuel tank 1 into the stacked body 2 in accordance 
with the pressure increase. Further, the increase in the 
inner pressure of the liquid fuel tank 1 tends to cause 



rupture of the tank 1, which is dangerous. In order to 
avoid such a problem, it is desirable to arrange a pres- 
sure releasing mechanism for releasing the pressure 
when the inner pressure of the tank 1 has reached a 

5 predetermined high pressure. For example, it is consid- 
ered effective to arrange a pressure release valve 15, 
which is operated by a spring 14 and an O-ring 1 3, in a 
part of the liquid fuel tank 1 , as shown in FIG. 5. It is also 
effective for releasing the pressure to arrange a protec- 

10 tive film that is ruptured under a pressure higher than a, 
predetermined level. 

[0029] The pressure within the liquid fuel tank 1 can •* 
be adjusted by arranging the above-described mecha- 
nism for taking a measure against a negative pressure 
75 or mechanism for taking a measure against an exces- 
sively high pressure. 

[0030] Further, in the case of the power source for a 
small equipment, the fuel should be supplied with a high 
stability regardless of the direction in which the fuel cell * 
20 body (stacked body) is arranged. Particularly, in the 
case of using a liquid fuel, the fuel supply tends to be 
stopped, which makes the output fall down if the whole 
system has no device for supply of the fuel. Also, it 
causes the problem of the initial start-up characteristics. 

25 In the fuel cell of the present invention, it is desirable for 
the liquid fuel to flow smoothly from the liquid fuel tank 
connected to the stacked body 2 regardless of the direc- 
tion in which the stacked body 2 is arranged. 
[0031 ] To be more specific, it is desirable to arrange 

30 the liquid fuel permeating material 8 within the liquid fuel 
tank 1 for expending to reach a fuel outlet port 12, as 
shown in FIGS. 6A and 6B. In the liquid fuel tank 1 
shown in FIG. 6A, the liquid fuel permeating material 8 
is arranged within the tank 1 on the inner surface where 

35 the liquid fuel outlet port 12 is formed and on the inner 
surface opposite to that where the liquid fuel outlet port 
12 is formed. In each surface, the liquid fuel permeating 
material 8 Is arranged to cover the Inner surface of the 
liquid fuel tank 1. These liquid fuel permeating material 

40 8 arranged on the two inner surface regions are con- 
nected to each other by the similar material like the liq- 
uid fuel permeating material 8. By arranging the liquid 
fuel permeating material 8 within the liquid fuel tank 1 in 
this fashion, the liquid fuel permeating material 8 is 

45 always partly kept in contact with the liquid fuel 7. It fol- 
lows that the liquid fuel 7 can be supplied to the liquid 
fuel outlet port 12 regardless of the direction of the liquid 
fuel tank. 

[0032] On the other hand, in the liquid fuel tank 1 
so shown in FIG. 6B, the liquid fuel permeating material 8 
is arranged in two mutually facing regions of the inner 
wall of the liquid fuel tank 1. As in the arrangement 
shown in FIG. 6A, the liquid fuel permeating material 8 
is arranged to cover each of the mutually facing regions 
55 noted above. These two liquid fuel permeating materials 
8 are in contact with the fine hole 6 formed on the outer 
wall of the fuel tank 1 for taking in the outer air and with 
the fuel outlet port 12. Since at least a part of the liquid 
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fuel permeating material 8 is kept in contact with the liq- 
uid fuel, the liquid fuel can be supplied to the fuel outlet 
port 12 regardless of the direction of the tank 1 arrange- 
ment. Incidentally, where the liquid fuel tank 1 shown in 
FIG. 6B is turned upside down, the fine hole 6 for taking 
the outer air and the fuel outlet port 12 perform the 
opposite functions, i.e., the fine hole 6 acts as the fuel 
outlet port and the fuel outlet port 12 acts as the air- 
intake hole. 

[0033] It is also possibte to construct the liquid fuel 
tank such that the liquid fuel within the tank is kept 
pushed to the liquid fuel outlet section by a pressurizing 
mechanism. FIGS. 7A and 7B show the particular con- 
struction. Specifically, in the liquid fuel tank shown in 
FIG. 7A, a fuel sealing part 30 is pushed by a spring 14, 
and the liquid fuel 7 is pushed out through the fuel outlet 
port 12. In the fuel tank shown in FIG. 7B, the liquid fuel 
7 is housed in a bellows-shaped storage section 1 6 and 
pushed out through the fuel outlet port 12 by the func- 
tion of the storage section itself. 
[0034] Incidentally, it is possible to utilize the sealed 
gas pressure in place of the mechanical pressure such 
as the spring force for pushing out the liquid fuel. Forthe 
gas used as the sealing gas which is not particularly lim- 
ited, it is desirable to use an inert gas such as an argon 
gas or a nitrogen gas. 

[0035] Further, it is possibte to use a mechanism for 
rotating the liquid fuel tank 1 itself or at least the liquid 
fuel storage section alone as shown in FIGS. 8A to 8C. 
[0036] In the liquid fuel tank 1 shown in FIG. 8A, the 
pathway 3 for taking out the liquid fuel is formed of a 
flexible material and, thus, the liquid fuel tank 1 can be 
arranged such that the liquid fuel outlet port 12 is posi- 
tioned in the lower portion regardless of the direction of 
the fuel cell body, i.e., stacked body, (not shown). 
[0037] The liquid fuel tank 1 shown in FIG. 8B is 
spherical and is supported within a support frame 17. A 
weight 1 9 is arranged in a predetermined position within 
the liquid fuel tank 1. Also, a bearing 18 is arranged 
between the support frame 1 7 and the liquid fuel tank 1 . 
The particular construction permits the storage section 
to be freely swung by 360° so as to make the fuel outlet 
port 12 positioned below the storage section regardless 
of the direction of fuel cell body, i.e., the stacked body, 
(not shown). 

[0038] Further, in the liquid fuel tank shown in FIG. 
8C, since the weight 1 9 is provided, the fuel outlet port 
12 always positioned below the storage section. Fur- 
ther, the liquid fuel permeating material 8 is arranged 
within the liquid fuel tank 1 to reach the liquid fuel outlet 
port 12. It follows that the liquid fuel 7 can be supplied to 
the stacked body (not shown) as far as the liquid fuel is 
in contact with the liquid fuel permeating material 8. 
[0039] In any of the cases described above, the 
other fuel permeating material is arranged between at 
least the liquid fuel tank and the liquid fuel permeating 
material of the cell body.i.e., the stacked body. The par- 
ticular construction is employed in the present invention 



because, in the case of the fuel cell constructed such 
that the fuel permeating material is dipped directly in the 
liquid fuel in the liquid fuel tank, it was Impossible to 
supply the liquid fuel with a high stability to the cell body 
5 (stacked body). Particularly, where the fuel cell is posi- 
tioned in various directions, the phenomenon described 
above occurs prominently. For example, where the fuel 
storage section was arranged on the upper side of the 
electrode, an excessively large amount of the fuel was 
70 supplied into the cell body. Further, the hermetic sealing 
properties at the fuel storage section and the cell body 
were not satisfactory, and the fuel is caused flow back- 
ward from the cell body into the liquid fuel tank. 
[0040] In order to avoid the problem described 
15 above, the fuel cell should not be constructed such that 
the fuel permeating material is inserted directly into the 
liquid fuel tank. To be more specific, it is required that 
the fuel cell is constructed such that the liquid fuel is 
once withdrawn from the liquid fuel tank by a permeat- 
20 ing material differing from the liquid fuel permeating part 
and, then, the fuel is supplied from the permeating 
material into the liquid fuel permeating material 8. It is 
necessary to arrange at least one permeating material 
and it is possible to use second and third permeating 
25 materials. Where a plurality of permeating materials are 
used, the liquid fuel should be transferred smoothly 
from the liquid fuel tank to the fuel electrode. It follows 
that it is needed to use only the permeating material that 
is absolutely required. If the number of permeating 
30 materials is increased, it is difficult to transfer the liquid 
fuel smoothly between the permeating materials them- 
selves. In addition, since the distance between the fuel 
and the fuel electrode is increased, it tends to take a 
long time for the initial rising of the fuel cell. The number 
35 of permeating materials and the positions of the perme- 
ating materials are determined by the positional rela- 
tionship between the liquid fuel tank and the cell body. 
Naturally, it is desirable to arrange the permeating mate- 
rial in the shortest distance from the fuel outlet port of 
40 the liquid fuel tank and not to make the entire volume 
increased. 

[0041] It should also be noted that, since a special 
liquid such as a mixture of alcohol having a high volatil- 
ity and water is used as the fuel for the fuel cell, the per- 

45 meating material is required to exhibit the material 
characteristics adapted for the liquid fuel. What is par- 
ticularly required is a satisfactory permeating rate. The 
permeating rate is determined to be a rate of increase in 
the fuel content in the material at 25°C in the case 

so where a permeating material having a size of 5 cm 
(width) x 10 cm (length) x 3 mm (thickness) is erected 
upright when dipped by 2 cm in a liquid fuel having a 
concentration of 10 mols/L (liter). FIG. 19 is a graph 
showing the change with time in the fuel content. The 

55 slope of each of the curves shown in the graph repre- 
sents the rate of increase in the fuel content. 
[0042] The fuel content is determined as follows. 
First, the entire permeating material is dipped in the liq- 
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uid fuel to permit the inner region of the permeating 
material to be saturated with the fuel and, then, the per- 
meating material is withdrawn from the liquid fuel. In this 
case, the weight of the fuel contained in the permeating 
material is set at 100. The permeating rate is measured 
by the method described above, and the weight of the 
liquid fuel (%) at a certain time is determined as the fuel 
content at the particular time. 

[0043] In the permeating rate thus specified, it is 
desirable for an average sucking rate v(%/min) In the Ini- 
tial 5 minutes to be as high as possible. To be more spe- 
cific, it is desirable for the average sucking rate to be 5 
3 v like curve B shown in FIG. 1 9. It is more desirable for 
the average sucking rate to be 6.5 s v like curve A 
shown in FIG. 19. 

[0044] If v is less than 5 like curve D shown in FIG. 
19, it takes longtime for the initial rising, making it diffi- 
cult to use the permeating material in the fuel cell. It is 
also a problem that the saturation point h of the fuel con- 
tent is low like curve C shown in FIG. 19. 
[0045] It is desirable for the saturation point h of the 
fuel content to fall within a range of between 40 and 1 00, 
i.e., 40 s h s 100. If h is lower than 40, the fuel retention 
rate of the permeating material at the saturated point is 
low and, thus, particularly where the permeating mate- 
ria! is high, it is impossible to supply the liquid fuel to the 
upper portion of the permeating material. Therefore, it is 
required that an absorbing material has a value of h fall- 
ing within the range noted above. In order to increase 
the sucking rate v, what is important is the wettability of 
the surface of the material with the liquid fuel. In the 
case of using a material with poor wettability, a surface 
treatment can be done on the material so as to improve 
the wettability. 

[0046] In the case of using the permeating material 
having the characteristics of v and h falling within the 
ranges described above in the fuel cell of the present 
invention, the fuel was supplied smoothly and It was 
possible to obtain a stable output without the deteriora- 
tion of the characteristics. The material used in the 
present invention includes, for example, a porous body 
such as carbon, a metal or a polyaniline, a porous body 
such as a vinyl polymer, an engineering plastic material, 
or a thermosetting resin, a ceramic porous body such 
as a silica porous body or an alumina porous body, a 
porous film such as a fluorocarbon resin film, a polyeth- 
ylene film, a polypropylene film, a polycarbonate film, a 
polyimide film, a polysutfone film, a polysuffide film or a 
polybenzimidazol film, a sponge-like porous material 
such as polyurethane, polyester, cellulose or a phenolic 
resin, and paper. 

[0047] As described above, a liquid fuel tank, which 
can supply a liquid fuel with a high stability regardless of 
the direction of the fuel cell body (stacked body), is used 
in the present invention. As a result, the environment in 
which the fuel cell of the present invention is used is not 
limited, and the fuel cell of the present invention can be 
used in a wide field. 



[0048] Further, in view of the fact that the fuel used 
in the fuel ceil of the present invention is in the form a 
liquid, it is desirable for the connecting section between 
the liquid fuel tank and the cell body (stacked body) to 

5 be constructed such that the liquid fuel does not leak 
when transferred from the liquid fuel tank Into the cell 
body so as to ensure a stable supply of the liquid fuel. 
Particularly, where the liquid fuel has a relatively high 
vapor pressure, the detachable liquid fuel tank should 

10 be desirably constructed such that the liquid fuel is not 
vaporized under the stored condition. 
[0049] FIGS. 9A and 9B show examples of the liq- - 
uid fuel tank constructed in view of the requirement 
described above. Specifically, FIG. 9A shows the state 

15 that the liquid fuel tank 1 is connected to the pathway 3. 
As shown in the drawing, the liquid fuel permeating 
material 8, i.e., a material through which the liquid fuel 
easily permeates, is arranged within the liquid fuel tank 
1 to reach the liquid fuel outlet port. Also, the similar liq- 

20 uid fuel permeating material 8 is arranged within the 
pathway 3. The liquid fuel 7 is supplied through the liq- 
uid fuel permeating material 8 to the receivers arranged 
with the fuel cell body (stacked body). 
[0050] Before the liquid fuel tank 1 of the particular 

25 construction is connected to the pathway 3, it is possible 
to mount the lid 10 as shown in FIG. 4B to coverthe fuel 
outlet port so as to prevent the liquid fuel housed in the 
liquid fuel tank 1 from being vaporized. Alternatively, it is 
also possible to mount an opening-closing lid to the fuel 

30 outlet port so as to prevent the vaporization of the liquid 
fuel. Where the tank 1 is connected to the pathway as 
shown in FIG. 9A, the fuel permeating material 8 is 
exposed to the outside by detaching the lid of the tank 1 
mounted to the fuel outlet port or by opening the lid 

35 mounted to the fuel outlet port so as to be connected to 
the pathway 3. 

[0051] FIG. 9B exemplifies the construction of the 
connecting section 4 shown in FIG. 9A. As shown In the 
drawing, a cylindrical lid 31, which can be opened or 

40 closed, is slidably mounted around the fuel outlet port 
12 of the liquid fuel tank 1, and a permeating material 
connecting pad 32 is mounted to the inner wall of the 
pathway 3. When the liquid fuel tank 1 of the particular 
construction is connected to the pathway 3, the outlet 

45 port opening-closing lid 31 is pushed upward so as to 
bring the outlet port 12 of the tank 1 into contact with the 
permeating material connection pad 32 of the pathway 
3. If the fuel outlet port 12 is brought into contact with 
the permeating material connecting pad 32, the liquid 

so fuel is transferred from the tank 1 into the pathway 3 by 
the capillary action. 

[0052] It is possible to construct the liquid fuel tank 
1 such that the liquid fuel 7 flows out only when the tank 
1 is connected to the fuel cell body (stacked body). 
55 FIGS. 10A, 10B, 1 1 A to 1 1C and 12 exemplify the con- 
necting section between the liquid fuel tank and the 
pathway, covering the case where the liquid fuel tank is 
constructed as described above. 
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[0053] In the example shown in FIG. 1 0A, a slidable 
connecting section 33 and a tapered-angle central shaft 
20 are arranged within the fuel outlet port of the liquid 
fuel tank 1 . FIG. 1 0B is a plan view showing the flow out 
port. As shown in FIG. 10A, a projection 21 is formed on 
the inner wall of the pathway 3. When the pathway 3 is 
inserted into the liquid fuel tank 1, the connecting sec- 
tion 33 is pushed upward by the projection 21. Since the 
tapered-angle centra! shaft 20 is upwardly tapered, the 
fine hole at the tip of the connecting section 33 is 
opened as the connecting section 33 is pushed upward, 
with the result that the liquid fuel 7 is allowed to flow 
from the liquid fuel tank 1 into the pathway 3. 
[0054] The connecting section shown in FIG. 10A 
can be modified as shown in FIG. 11 A. In the modifica- 
tion shown in FIG. 11 A, a boss 22 for pushing upward 
the connection section 33 of the fuel tank 1 when the 
fuel tank 1 is inserted into the pathway 3 is formed 
inside the pathway 3. The other construction is equal to 
that shown in FIG. 10A. Incidentally, FIGS. 11 B and 11C 
are plan views showing the outlet section of the fuel 
tank 1 and the pathway 3, respectively. Since the 
tapered-angle central shaft 20 is tapered upward in the 
example shown in FIG. 1 1 , too, the fine hole at the tip of 
the connecting section 33 is opened as the connecting 
section 33 is moved upward so as to permit the liquid 
fuel 7 to flow from the liquid fuel tank 1 into the pathway 
3. 

[0055] It is also possible to arrange the connecting 
section as shown in FIG. 12. In the example shown in 
FIG. 12, a fuel outflow control valve 23 is mounted to the 
outflow section of the fuel tank 1 by a spring 14. On the 
other hand, a boss 22 for pushing the valve 23 upward 
when the fuel tank 1 is connected to the pathway 3 is 
mounted within the pathway 3. It follows that, when the 
liquid fuel tank 1 is connected to the pathway 3, the 
valve 23 mounted to the fuel tank 1 is pushed upward by 
the boss 22 so as to release the outflow hole and, thus, 
the liquid fuel 7 is supplied into the pathway 3. 
[0056] By the particular technique, it is possible to 
mount a mechanism that permits ensuring both the stor- 
ing properties of the liquid fuel and the stable supply of 
the liquid fuel when the tank 1 is connected to the path- 
way 3 within the connecting section of the fuel tank. 
Where the liquid fuel tank of the particular construction 
is connected to the fuel cell body, it is possible to obtain 
a fuel cell of a high reliability. It should be noted that the 
O-ring 13 for hermetically sealing the liquid fuel, which 
is shown in each of FIGS. 9A to 12, can be mounted on 
the side of the connecting section or on the side of the 
fuel cell body. 

[0057] It is possible to mount the liquid fuel tank of 
the present invention on the upper portion of the fuel cell 
body, as shown in FIG. 13. To be more specific, the liq- 
. uid fuel tank 1 is connected to the fuel cell body 
(stacked body) 2 such that the surface of the liquid fuel 
stored in the fuel tank 1 is perpendicular to the main sur- 
face of the electrolyte membrane included in the unit 



cell of the fuel cell body. Where the liquid fuel is supplied 
to the fuel cell body by utilizing the gravitational force, it 
is desirable for the liquid fuel tank 1 to be arranged on 
the upper portion of the fuel cell body (stacked body). 
5 Where the liquid fuel tank 1 is mounted to the upper por- 
tion of the fuel cell body as shown in the drawing, It is 
possible to connect the tank 1 to the fuel cell body 2 
such that the liquid fuel can be introduced directly into 
the receiver 5. 

w [0058] It is also possible to connect the liquid fuel 
tank 1 directly to the side surface of the fuel cell body 2 
as shown in FIGS. 14A and 14B. In this case, it is rea- 
sonable to state that the fuel cell body is connected to 
the liquid fuel tank 1 such that the surface of the liquid 

75 fuel stored in the liquid fuel tank 1 is parallel to the main 
surface of the electrolyte membrane included in the unit 
cell of the fuel cell body. It is also possible to mount the 
liquid fuel tank 1 in a lower portion of the fuel cell body, 
though the particular construction is not shown in the 

20 drawing. Where the liquid fuel tank 1 is arranged on the 
side surface or in a lower portion of the fuel cell body 
(stacked body), it is possible to supply the liquid fuel to 
the fuel cell body by utilizing, for example, the capillary 
force. 

25 [0059] In order to operate the fuel ceil of the present 
invention for a long time, it is desirable for the liquid fuel 
tank 1 to be detachably connected to the fuel cell body 
2. However, after the fuel tank 1 is connected to the fuel 
cell body 2, it is possible to fix the liquid fuel tank 1 to the 

30 pathway 3 or to the fuel ceil body 2. Where the liquid 
fuel tank 1 is fixed to the pathway 3 or to the fuel cell 
body 2, it is desirable to form a fine hole 27 for replen- 
ishing the liquid fuel in a desired position, as shown in 
FIG. 15. In this case, the liquid fuel can be replenished 

35 through the fine hole 27 by using a liquid fuel replenish- 
ing tool 24 as shown in the drawing. 
[0060] The fuel cell of the present invention, in spite 
of the small size, can be operated for a long time by 
replacing the liquid fuel tank 1 where the tank 1 is 

40 detachable or by replenishing the liquid fuel where the 
liquid fuel can be replenished. 

[0061] It should be noted, however, that, where the 
liquid fuel tank is detachable, it is desirable for the 
remaining amount of the liquid fuel within the fuel tank to 

45 be visually seen from the outside. Likewise, where the 
liquid fuel tank is constructed to be capable of replenish- 
ing the liquid fuel, it is desirable for the fuel tank to be 
constructed such that the remaining amount of the liq- 
uid fuel can be seen from the outside so as to make it 

so possible to confirm the timing of replenishing the liquid 
fuel. 

[0062] For example, it is possible to use a transpar- 
ent or semi-transparent material for forming the liquid 
fuel tank 1 as shown in FIGS. 1 6A and 1 6B so as to 
55 make it possible to confirm the remaining amount of the 
liquid fuel from the outside. As a transparent or semi- 
transparent material, it is possible to use, for example, 
polyethylene, polypropylene, polycarbonate or a fluo- 
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rine-containing resin such as polytetrafluoroethylene. 
Alternatively, it is possible to form a window 25 for con- 
firming the remaining amount of the liquid fuel in a pre- 
determined position of the liquid fuel tank 1, as shown in 
FIG. 17, so as to confirm the remaining amount of the 
liquid fuel within the fuel tank 1 . 
[0063] It is also desirable to take some measure on 
the side of the fuel in order to facilitate the confirmation 
of the remaining amount of the liquid fuel within the liq- 
uid fuel tank 1 . To be more specific, the fuel can be 
colored with a substance that Is not obstructive to the 
supply, vaporization and reaction of the liquid fuel. Inor- 
ganic or organic dyes, etc. can be considered as such a 
substance. Alternatively, it is possible to add a solid 
material having a specific gravity lower than that of the 
liquid fuel, e.g., a polystyrene foam, to the liquid fuel as 
a floating material. Since such a floating material 26 is 
always kept positioned on the surface of the liquid fuel 
as shown in FIG. 18, the remaining amount of the liquid 
fuel can be confirmed more easily by combining the 
floating material 26 with the liquid fuel tank 1 shown in 
FIG. 16 or 17. The material added to the liquid surface 
for detecting the surface of the liquid fuel is not limited to 
a solid material. It is also possible to use a liquid mate- 
rial such as a colored organic solvent or oil having a 
specific gravity lower than that of the liquid fuel. 
[0064] As described above, it is possible to obtain a 
highly reliable fuel cell that permits ensuring a stable 
output by using a liquid fuel tank for a fuel cell of the 
present invention. Further, the liquid fuel can be sup- 
plied with a high stability even if the fuel cell body is 
arranged in an optional direction. In other words, the 
fuel supply with a high stability can be ensured regard- 
less of the direction in which the fuel cell body (stacked 
body) is arranged. It follows that the scope of application 
of the fuel cell can be markedly widened. 
[0065] The present invention will now be described 
more In detail with reference to Examples of the present 
invention. Needless to say, the technical scope of the 
present invention is not limited by the following Exam- 
ples. 

(Example 1) 

[0066] In the first step, a unit cell included in the 
stacked body was manufactured as follows. 
[0067] We prepared a fuel electrode which has, a 
carbon cloth coated with a Pt-Ru catalyst layer with a 
size of 32 mm x 32 mm and an oxidant electrode which 
has a carbon cloth coated with a Pt black catalyst layer 
with a size of 32 mm x 32 mm. Then, an electrolyte 
membrane consisting of a perfluorosulfonic acid mem- 
brane was held between the fuel electrode and the oxi- 
dant electrode such that the electrolyte membrane was 
in contact with the catalyst layers of the fuel electrode 
and the oxidant electrode. The resultant structure was 
bonded by hot pressing at 120°C for 5 minutes under a 
pressure of 100 kg/cm 2 so as to obtain an electromotive 



section. 

[0068] Then, a unit cell having a reaction area of 10 
cm 2 was prepared as follows; first, laminating the result- 
ant electromotive section, a carbon porous plate used 

s as a fuel vaporizing layer which has an average pore 
diameter of 85 u.m and a porosity of .73%, and a carbon 
porous plate used as a fuel permeating layer which has 
an average pore diameter of 5 u.m and a porosity of 
40%, and then arranging the resultant laminate struc- 

w ture between an oxidant electrode holder equipped with • 
an oxidant gas supply groove 2 mm deep and 1 mm 
wide and a fuel electrode holder. Ten unit cells thus pre- 
pared were stacked one upon the other so as to obtain 
a fuel cell body (stacked body). 

75 [0069] On the other hand, a mixed solution consist- 
ing of methanol and water mixed at a mixing ratio of 1:1 
(molar ratio) was stored as a liquid fuel in the liquid fuel 
tank. A fine hole 6 having a diameter of about 5 mm was 
formed in the tank in the position shown in FIG. 1 and a 

20 selectively permeating film made of a fluorine-type FEP 
resin having a thickness of 25 urn was arranged as a 
mechanism for taking a mechanism against a negative 
pressure. 

[0070] The liquid fuel tank for a liquid fuel for the 
25 fuel cell was set in a connecting section of the liquid fuel 
cell body as shown in FIG. 1 . In this case, a connecting 
section constructed as shown in FIG. 9 was used for the 
connection between the liquid fuel tank 1 and the path- 
way 3. Therefore, the liquid fuel. 7 within the liquid fuel 
30 tank 1 was supplied by capillary action toward the fuel 
electrode through the pathway 3, the receiver 5, and the 
carbon porous plate. 

[0071] By using the fuel cell of the particular con- 
struction, power was generated at 80°C by allowing the 
35 air of 1 atm. at 100 mL/min used as an oxidizing gas to 
flow through a gas channel. 

[0072] As a result, it was possible to take out power 
having a voltage of 5.1V and a current density of 280 
mA/cm 2 . The power generation was continued for 18 

40 hours with high stability. However, output was not low- 
ered and was stable. The liquid fuel, i.e., a mixed solu- 
tion of methanol and water, did not leak at all during 
operation of the fuel cell and did not leak when the liquid 
fuel tank was attached to and detached from the fuel 

45 cell body. These clearly support that what was prepared 
was a small fuel cell having a high reliability. 

(Comparative Example 1) 

so [0073] A fuel cell was prepared as in Example 1 , 
except that used was a liquid fuel tank that did not 
include the fine hole as a mechanism against the nega- 
tive pressure. Any of the construction of the fuel cell 
body, the connecting method between the fuel cell body 

55 and the liquid fuel tank, and fuel supply method and the 
fuel used was equal to that is Example 1 . 
[0074] The fuel cell thus prepared was subjected to 
a power generation test at 80°C as in Example 1 by 



9 



17 



EP 1 087 455 A2 



18 



allowing the air of 1 atm. at 100 mL/min used as an oxi- 
dant gas toJlow through a gas channel to reach the oxi- 
dizing electrode. 

[0075] As a result, it was possible to take out power 
at a voltage of 4.8V and a current density of 300 
mA/cm 2 at the initial period of the power generation. 
However, the output power was lowered with time. The 
power output after 8 hours of power generation was 
found to be 3.1 V in voltage and 120 mA/cm 2 in a current 
density, which were markedly lower than those for 
Example 1 . 

[0076] As described above, the fuel cell for this 
Comparative Example 1 , in which was used a liquid fuel 
tank not provided with a mechanism for taking a meas- 
ure against a negative pressure, was found to be low in 
reliability. 

(Example 2) 

[0077] A fuel cell body was prepared as in Example 
1 , and a receiver section made of a material through 
which methanol permeates easily was arranged as the 
receiver 5. The material used herein exhibited a perme- 
ation rate denoted by curve A shown in the graph of 
FIG. 19. 

[0078] A liquid fuel tank that can be mounted 
directly on the upper portion of the fuel cell body 2 as 
shown in FIG. 1 3 was prepared, and two fine holes were 
formed as a measure against the negative pressure. 
These two fine holes were closed by caps. The two fine 
holes were formed diagonally apart from each other in 
the liquid fuel tank such that the outer air was taken into 
the liquid fuel tank through one of these two fine holes. 
Further, a liquid fuel permeating material 8 as shown in 
FIG. 13 was arranged in the liquid fuel tank so as to 
make it possible to supply the liquid fuel regardless of 
the direction in which the fuel cell body was arranged. 
The liquid fuel tank of the particular construction was 
set in the fuel cell body 2. In this case, a connecting sec- 
tion constructed as shown in FIG. 9A was used for the 
connection between the liquid fuel tank 1 and the fuel 
cell body 2. 

[0079] A mixed solution consisting of methanol and 
water, which were mixed at the same molar amount, 
was housed as a liquid fuel 7 in an amount of 200 ml_ in 
the liquid fuel tank 1 . The liquid fuel 7 housed in the liq- 
uid fuel tank 1 was supplied by the capillary action to the 
fuel electrode through the permeating material 8, the 
receiver 5 and the carbon porous plate. During the fuel 
supply, the cap 9 of the fine hole formed in an upper por- 
tion of the fuel tank 1 and used as a measure against 
the negative pressure was kept open. 
[0080] By using the fuel cell of the particular con- 
struction, power generation was performed at 74°C by 
allowing the air of 1 atm. at 100 mL/min used as an oxi- 
dizing gas to flow through the gas channel. 
[0081] As a result, it was possible to take out power 
having a voltage of 4.6V and a current density of 240 



mA/cm 2 three minutes after start-up of the power gener- 
ating operation. The power output was not lowered and 
stable even after the power generation was performed 
for 8 hours. 

5 [0082] During power generation of the fuel cell, the 
fine hole 6 of the liquid fuel tank 1 , said fine hole 6 pro- 
viding a measure against the negative pressure, was 
temporarily closed, and the liquid fuel tank was quietly 
turned upside down such that the fuel cell body 2 was 

w positioned above the liquid fuel tank 1 . Then, the other 
fine hole 6* providing a measure against the negative 
pressure was opened. Under this condition, the power 
generation was continued for 3 hours. However, a large 
change in the output was not recognized. This clearly 

15 supports that the fuel cell of the present invention is 
capable of producing power regardless of the direction 
in which the fuel cell body is arranged. Also, the liquid 
fuel, i.e., a mixed solution of methanol and water, did not 
leak at all during operation of the fuel cell and did not 

20 leak when the liquid fuel tank was attached to and 
detached from the fuel cell body. These clearly support 
that what was prepared was a small fuel cell having a 
high reliability. 

25 (Comparative Example 2) 

[0083] A fuel cell was manufactured as in Example 
2, except that a material poor in methanol permeability, 
i.e., a material having the permeating rate characterise 

30 tics denoted by curve E shown in the graph of FIG. 19, 
was used for forming the receiver 5. 
[0084] In this fuel cell, the air of 1 atm. at 100 
mL/min used as an oxidizing agent was allowed to flow 
through the gas channel at 74°C so as to perform power 

35 generation as in Example 2. 

[0085] It has been found that the output was at last 
stabilized 2 hours after start-up of the operation. The 
voltage of the power was only 4V and the current den- 
sity was only 100 mA/cm 2 . Also, the output power was 

40 lowered with time such that the stable output power was 
obtained for only 30 minutes. 

[0086] Further, the fine hole 6 providing a measure 
against the negative pressure was temporarily closed 
during the power generating operation, and the liquid 

45 fuel tank was quietly turned upside down such that the 
fuel cell body 2 was positioned on the liquid fuel tank 1 
as in Example 2. Then, the other fine hole 6' providing a 
measure against the negative pressure was released, 
and the power generation was continued. It has been 

so found that the power output was rapidly lowered, and it 
took one hour for the power output to be stabilized 
again. And the power output stabilized was as low as 
that before turning the stack. 

55 (Example 3) 

[0087] A fuel cell body was prepared as in Example 
1. 
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[0088] On the other hand, prepared was a liquid 
fuel tank for a fuel cell, which was of the type that it was 
possible to replenish the liquid fuel as shown in FIG. 15. 
Also, the liquid fuel tank was made of polycarbonate. 
Since the material used for forming the liquid fuel tank 
was semi-transparent, it was possible to visually con- 
firm the remaining amount of the liquid fuel within the 
liquid fuel tank as already described in conjunction with 
FIGS. 16Aand 16B. 

[0089] The liquid fuel was prepared by mixing meth- 
anol and water at 1:1 molar ratio and colored with an 
organic dye used. Further, some polystyrene foam balls 
each having a diameter of about 5 mm, which were 
described previously in conjunction with FIG. 18, were 
added to the liquid fuel. The liquid fuel thus prepared 
was loaded in an amount of 50 mL in the liquid fuel tank, 
and the tank was connected to the fuel cell body 
(stacked body). In this case, a connecting section con- 
structed as shown in FIG. 9B was used for the connec- 
tion between the liquid fuel tank 1 and the pathway 3. It 
follows that the liquid fuel 7 in the liquid fuel tank 1 was 
supplied by the capillary action to the fuel electrode 
through the permeating material 8, the receiver 5 and 
the carbon porous plate described previously. 
[0090] The cap 9 of the fine hole for supplying a liq- 
uid fuel and providing a measure against the negative 
pressure was detached. Under this condition, the air of 
1 atm. at 80 mL/min used as an oxidant gas was sup- 
plied through the gas channel so as to start the power 
generation test of the fuel cell of the particular construc- 
tion at 75°C. 

[0091] As a result, it was possible to take out the 
output power having a voltage of 4.5V and a current 
density of 260 mA/cm 2 . The output power did not 
change after the operation for 4 hours. In this test, since 
we could see the amount of the liquid fuel left in the tank 
from the outside, 50 mL of the liquid fuel was added to 
the fuel tank by using a liquid fuel replenishing tool so as 
to further continue the power generation test The out- 
put power did not change even after 4 hours of addi- 
tional operation. Also, a problem such as leakage of the 
liquid fuel was not recognized at all. Therefore, it has 
been confirmed that the fuel cell functions as a highly 
reliable fuel cell. 

(Example 4) 

[0092] A fuel cell body was prepared as in Example 
1. 

[0093] On the other hand, prepared was a liquid 
fuel tank for a fuel cell equipped with a mechanism pro- 
viding a measure against the negative pressure as 
shown in FIG. 3. Then, 200 mL of a mixed solution of 
methanol and water mixed in the same molar ratio was 
stored as a liquid fuel in the liquid fuel tank. 
[0094] Further, the liquid fuel tank was connected to 
the fuel cell body so as to manufacture a fuel cell con- 
structed as shown in FIG. 1 . 



[0095] As shown in FIG. 3, the fine tube 1 1 capable 
of introducing the gas generated on the side of the fuel 
cell body was arranged within the liquid fuel tank 1 and 
within the liquid absorbing material 8. One end of the 

5 fine tube 1 1 was open within the liquid fuel tank and the 
other end is open to provide a A space for collecting the 
carbon dioxide gas generated on the side of the anode 
of the fuel cell body 2. Further, a pressure control valve 
was mounted to the fine tube 1 1 so as to make it possi- 

f o ble to release the pressure through the valve over a pre- 
determined level of pressure. 

[0096] Under this condition, the air of 1 atm. at 100 - 
mL/min used as an oxidant gas was supplied through 
the gas channel to the cathode so as to start the power 
75 generation test of the fuel cell of the particular construc- 
tion at 65°C. 

[0097] As a result, it was possible to take out the 
output power having a voltage of 5.1V and a current 
density of 270 mA/cm 2 . The output power was not 

20 changed after the operation for 10 hours, supporting 
that the liquid fuel was stably supplied in a desired 
amount so as to perform the stable power generation. 
[0098] Also, the pressure within the fuel cell body 
was temporarily elevated because of the carbon dioxide 

25 gas generation. However, the inner pressure not ele- 
vated further because the pressure release valve 
mounted to the fine tube was opened. Further, a prob- 
lem such as leakage of the liquid fuel was not generated 
at all, supporting that the fuel cell was operated as a fuel 

30 cell having a high reliability. 

(Example 5) 

[0099] A fuel cell body was prepared as in Example 

35 1. 

[0100] On the other hand, used was a liquid fuel 
tank 1 having a rotatable storage section as shown in 
FIG. 8B. A fine hole having a diameter of about 3 mm 
was formed on the wall of the tank in the liquid fuel tank, 

40 and a selectively permeable Teflon series FEP mem- 
brane having a thickness of 30 u,m was arranged as a 
measure against the negative pressure. A liquid fuel 
consisting of a mixed solution of methanol and water 
mixed in the same molar ratio was stored In an amount 

45 of 1 50 mL in the liquid fuel tank, and the liquid fuel tank 
was connected to the fuel cell body with a flexible path- 
way so as to obtain a fuel cell. Incidentally, a liquid fuel 
permeating material was arranged within the pathway. 
[0101] The liquid fuel was supplied by the capillary 

so action to the anode side of the fuel cell constructed as 
described above, and the air of 1 atm. at 90 mL/min 
used as an oxidant gas was supplied to the cathode 
side through a gas channel so as to start a power gen- 
eration test at 80°C. 

55 [0102] As a result, it was possible to take out the 
output power having a voltage of 4.8V and a current 
density of 300 mA/cm 2 . The power output was found to 
be stable after the power generation for about 6 hours. 
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Also, the fuel cell body (stacked body) was inclined by 
about 15° during the power generating operation. How- 
ever, the liquid fuel could be supplied to the fuel cell 
body smoothly, making it possible to continue a stable 
power generation. 

[0103] As described above in detail, the present 
invention provides a highly reliable fuel cell, which per- 
mits simplifying the liquid fuel supply system, which per- 
mits stably supplying a liquid fuel, and which permits 
producing a stable output. 

[0104] The present invention also provides a liquid 
fuel tank for a fuel cell, which permits vaporizing a liquid 
fuel and supplying a vaporized fuel with a simple struc- 
ture without using a pump or a blower, making it possi- 
ble for the fuel cell to produce a high output with a high 
stability. Also, since the liquid fuel tank is provided with 
a pressure adjusting mechanism, it is possible to supply 
a liquid fuel to the fuel vaporizing section with a high sta- 
bility. As a result, it is possible to obtain a highly reliable 
fuel cell low in change of the output power even if the 
power generation is carried out continuously. 
[0105] The liquid fuel can be supplied continuously 
from the liquid fuel tank regardless of the direction in 
which the fuel cell body is arranged, making it possible 
to use and set the fuel cell at any place and in any direc- 
tion. In addition, since the flow of the liquid fuel from the 
liquid fuel tank is automatically started and stopped by 
the attachment and detachment of the liquid fuel tank 
respectively, the flow of the liquid fuel can be controlled 
easily. It is also possible to suppress an undesired out- 
flow and vaporization of the fuel. 
[0106] What is important is that the present inven- 
tion makes it possible to satisfy simultaneously the 
requirements of a high performance and simplification 
of the system for the first time. The present invention 
has made it possible to miniaturize the fuel cell, to sup- 
ply the liquid fuel with a high stability during operation of 
the fuel cell, and to prevent.the fuel leakage, leading to 
manufacture of a highly reliable fuel cell. Naturally, the 
present invention is of a very high industrial value. 

Claims 

1. A liquid fuel tank for storing a liquid fuel for a fuel 
cell, characterized by comprising a pressure adjust- 
ing mechanism (6,13,14,15) which, in use, main- 
tains constant the pressure within said tank so as to 
permit a required amount of the liquid fuel (7) to be 
discharged from a liquid outlet port (12) to the out- 
side of the tank. 

2. The liquid fuel tank according to claim 1 , character- 
ized in that said pressure adjusting mechanism 
(6,13,14,15) consists of a selectively permeable 
membrane mounted to a predetermined region of 
the outer wall of the tank. 

3. The liquid fuel tank according to claim 1 , character- 



ized in that said pressure adjusting mechanism 
(6,13,14,15) consists of a fine hole made through a 
predetermined region of the outer wall of the. liquid 
fuel tank. 

5 

4. The liquid fuel tank according to any one of claims 
1-3, characterized by further comprising a liquid 
absorbing material (8) which is arranged within said 
tank and guides the liquid fuel (7) to said liquid out- 
re let port (1 2) and a gas pathway (11) arranged within 

the tank which introduces a gas generated outside 
the liquid fuel tank into the liquid fuel tank. 

5. The liquid fuel tank according to any one of claims 
15 1-4, characterized by further comprising a liquid 

absorbing material (8) arranged on the inner wall of 
the liquid fuel tank (1) in contact with the liquid out- 
let port (12), at least a part of said liquid absorbing 
material being kept in contact with said liquid fuel 
20 (7). 

6. The liquid fuel tank according to any one of the pre- 
ceding claims characterized by further comprising a 
pressure mechanism (14,30,16) positioned within 

25 the liquid fuel tank (1 ) to guide the liquid fuel (7) to 
the liquid outlet port (12), and maintaining contact 
between the liquid fuel and the liquid outlet port. 

7. The liquid fuel tank according to any one of the pre- 
30 ceding claims characterized by further comprising a 

storage section, which is said liquid fuel tank (1) 
itself or which stores the liquid fuel (7), having a 
rotary mechanism (17,18,19) to keep the liquid fuel 
above said liquid outlet port (12). 

35 

8. The liquid fuel tank according to any one of the pre- 
ceding claims characterized in that said pressure 
adjusting mechanism includes a mechanism which 
takes a measure (13,14,15) against an excessively 

40 high pressure, and said mechanism consists of a 
pressure release valve (15) mounted to the liquid 
fuel tank. 

9. The liquid fuel tank according to any one of the pre- 
45 ceding claims characterized in that at least a part of 

said liquid fuel tank (1) is formed of a transparent or 
semitransparent material. 

10. A fuel cell, characterized by comprising: 

50 

a fuel cell body (2) equipped with a unit cell 
having an electromotive section in which an 
electrolyte membrane (c) is held between a fuel 
electrode (b) and an oxidant electrode (d); and 
55 a liquid fuel tank (1 ) for housing a liquid fuel (7) 

that is to be supplied to said fuel cell body and 
is connected to the fuel cell body; 
wherein said liquid fuel is introduced, into said 
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unit cell by a capillary action within the fuel cell 
body and the liquid fuel is vaporized within the 
unit cell so as to be supplied to the fuel elec- 
trode for the power generation, and 
said liquid fuel tank is equipped with a pressure 5 
adjusting mechanism (6,13,14,15) for introduc- 
ing a required amount of the liquid fuel from a 
liquid outlet port (12) into the unit call. 

11 . A fuel cell according to claim 1 0 comprising: 10 

a connecting section (4) between said liquid 
fuel tank and said fuel cell body which is her- 
metically sealed. 

15 

1 2. The fuel cell according to claim 1 0 or 1 1 , character- 
ized in that said liquid fuel tank (1) is connected to 
said fuel cell body via a pathway (3) having a liquid 
permeating material (8) arranged therein. 

20 

13. The fuel cell according to claim 11 or 12, character- 
ized in that said fuel cell body (2) is provided with a 
liquid fuel holding material (5) in said fuel cell body 
stably supplying said liquid fuel (7) to said unit cell, 
and said liquid fuel tank (1) is connected such that 25 
the liquid fuel is directly supplied to the liquid fuel 
holding material. 

14. The fuel cell according to any one of claims 11-13, 
characterized in that said liquid fuel tank (1 ) is con- 30 
nected to said fuel ceil body (2) such that the sur- 
face of the liquid fuel (7) is perpendicular to the 
main surface of the electrolyte membrane (c) 
included in the unit ceil of the fuel cell body. 

35 

15. The fuel cell according to any one of claims 11-13, 
characterized in that said liquid fuel tank (1) is con- 
nected to said fuel cell body (2) such that the sur- 
face of the liquid fuel (7) is parallel to the main 
surface of the electrolyte membrane (c) included in 40 
the unit cell of the fuel cell body. 

1 6. The fuel cell according to claim 1 0, characterized in 
that: 

45 

said liquid fuel tank (1) includes a first liquid 
absorbing material (8) which guides the liquid 
fuel (7) to the fuel outlet port (12) from which 
said liquid fuel is introduced to the outside; 
the connection section (4) to which said liquid so 
fuel tank is connected includes a second liquid 
absorbing material (8) which guides the liquid 
fuel to said fuel cell body; and 
said first liquid absorbing material and said 
second liquid absorbing material are brought 55 
into mutual contact to supply the liquid fuel by 
the capillary action. 



17. The fuel cell according to claim 1 0, characterized in 
that: 

said liquid fuel tank (1) includes an inserting 
cylinder (33) provided with a liquid outlet hole 
(12) which introduces Ihe liquid fuel (7) from 
within the tank and a movable opening-closing 
valve (23); and 

the connecting section (4) connected to the liq- 
uid fuel tank includes unit (22) which opens the 
movable opening-closing valve. 

18. The fuel cell according to any one of claims 10-17, 
characterized in that said pressure adjusting mech- 
anism consists of a fine hole (6) extending through 
a predetermined region of the outer wall of the liq- 
uid fuel tank (1). 

19. The fuel cell according to any one of claims 10-18, 
characterized in that said liquid fuel tank (1) 
includes a liquid absorbing material (8) arranged on 
the inner wall of the liquid fuel tank in contact with 
said liquid outlet port (12), at least a part of said liq- 
uid absorbing material being kept in contact with 
said liquid fuel (7). 

20. The fuel cell according to any one of claims 10-1 9, 
characterized in that said liquid fuel tank (1) 
includes a pressurizing mechanism (14,30,16) 
which guides said liquid fuel (7) to said liquid outlet 
port (12) and the liquid fuel within the liquid fuel 
tank is kept in contact with said liquid outlet port. 

21. The fuel cell according to any one of claims 10-20, 
characterized in that a storage section which is said 
liquid fuel tank (1) itself or which stores the liquid 
fuel includes a rotary mechanism (17,18,19) which 
keeps the liquid fuel (7) above said liquid outlet port 
(12). 

22. The fuel cell according to any one of claims 10-21, 
characterized in that said pressure adjusting mech- 
anism includes a mechanism which takes a meas- 
ure (13,14,15) against an excessively high 
pressure, and said mechanism consists of a pres- 
sure release valve (15) mounted to the liquid fuel 
tank (1). 

23. The fuel cell according to any one of claims 10-22, 
characterized in that at least a part of said liquid 
fuel tank (1) is formed of a transparent or semi- 
transparent material. 
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